While designed to measure the positron ux at the top of the atmosphere, the HEAT instrument has also measured the + = ? ratio in the atmosphere during the ascent of the payload. Muon identi cation capabilities and background production within the HEAT payload are discussed.
Introduction
Recent measurements 1] of the atmospheric neutrino ratio R ( + )=( e + e ) have resulted in a value signi cantly smaller than expected from Monte Carlo simulations of cosmic ray interactions in the Earth's atmosphere 2]. These simulations also predict the ux of other cascade products in the atmosphere. Comparison between the measured ratio of charged secondaries and the predicted ratio provides a useful test of the simulation accuracy. This work presents a measurement of the + = ? ux ratio in the momentum interval 0.3{0.9 GeV/c from 7{850 g/cm 2 atmospheric depth.
2 Data Collection, Reduction, and Analysis Data were acquired during the ascent of the balloon-borne High Energy Antimatter Telescope (HEAT) instrument from Ft. Sumner, NM (geomagnetic cuto of 4 GV) on May 3, 1994. The HEAT instrument required approximately 2.5 hours to ascend to 5 g/cm 2 atmospheric depth. Details of the HEAT instrument are described elsewhere 3]; key elements of the instrument used in this data analysis are: (a) the time of ight system (TOF) which provides a measurement of charge with resolution 0:11e and with resolution 0:13c, (b) the drift tube hodoscope (DTH) which in conjunction with the magnet provides a measurement of particle rigidity (R), (c) the ten layer sampling electromagnetic calorimeter (EC) which provides both a measurement of shower sum for electrons and multiple dE/dX measurements for ionizing particles, and (d) an external pressure sensor used to measure the instrument's depth in the atmosphere.
To derive the physical quantities of rigidity, charge, , and EC sum the raw detector data were analyzed using computer code developed for the HEAT positron fraction measurement 3] with modi cations to improve the analysis of low rigidity (jRj < 1 GV) particles. Detector performance during ascent was compared to performance at oat altitudes where the data reduction was tuned. Some degradation of DTH resolution was seen due to changing temperature and pressure inside the instrument gondola, but the e ect on tracking particles with jRj < 1 GV is negligible.
A detailed simulation of the instrument has been developed using GEANT 3.21. This was used to verify the absence of charge sign bias in the analysis and muon event selection criteria and to investigate possible contamination of the muon sample.
General event quality and rejection of interactions, showers, and albedo is ensured by selections similar to those used in the HEAT positron fraction measurement 3]. Helium and other heavy nuclei are removed by discarding events with charge > 1.4.
Three cuts are used to select muons in the data. The { rigidity relationship,
shown in Figure 1 , shows that protons with jRj < 1 GV are eliminated by cutting events with < :85. Above 1 GV the resolution of the time of ight system limits the discrimination of protons from muons. Figure 2 shows events in EC sum and rigidity. Electrons are evident from the large EC sums created by showering. Slow protons (jRj < 1:5 GV) are evident from the increase in ionization loss due to the 1= 2 dependence. Muons do not interact in the nine radiation lengths of lead in the EC and have an average EC sum of 11 minimum ionizing particle equivalents (MIPs). Removing events with EC sum > 15
MIPs eliminates electrons with E > 200 MeV and also cuts protons with jRj < 1 GV.
Fluctuations in the shower size of low energy electrons and the ionization losses of slow protons can lead to events which contaminate the muon sample. To eliminate these events the ten independent measurements of energy deposition in the EC layers are used to compute the likelihood that the event is due to a single, minimum ionizing, non-interacting particle. This is accomplished by calculating L = log 10 ( Q 10 i=1 P (a i )), where P is the Landau energy loss distribution function for muons and a i are the ten energy deposits in the EC. The Monte Carlo L distributions for protons, electrons, and muons are shown in Figure 3 . Those particles with L < ?8 are discarded. The TOF resolution is not su cient to resolve pions and kaons from muons; dE/dX measurements in the EC also do not provide su cient discrimination power. As a result, pions and kaons must be treated as a background to the muon measurement. To investigate this background a simulation of cosmic ray interactions in the atmosphere was developed using GEANT with FLUKA used for hadronic interactions. The simulation gives a worst case = ux ratio of .02 at 13 g/cm 2 , with the kaon uxes being much lower. Calculations by Stephens 4] give similar results at 10 g/cm 2 . Pions are also produced locally by interactions of cosmic rays with the gondola and instrument materials. This background was estimated by simulating proton interactions using the GEANT instrument simulation. The event quality and muon selection criteria reduce this background to 10 ?3 of the proton ux, which is less than 7% of the muon ux at all depths greater than 7 g/cm 2 . The systematic error introduced by pions is small compared to the statistical error of the measurement, and the effect decreases with depth, so we ignore the e ect of pion contamination on the muon charge ratio. The muon sample is binned in seven ranges of atmospheric depth, determined by atmospheric pressure sensors own on the gondola. The raw muon counts, ratio, and statistical errors are presented in Table 1 . The ratio is plotted in Figure 4 along with previous measurements 5] and the prediction of our GEANT atmospheric simulation.
Conclusion
The ux ratio of + = ? was measured in the momentum interval 0.3{0.9 GeV/c at various depths in the atmosphere. Statistical error of the muon ratio is 5{6% for depths between 67{347 g/cm 2 . The accuracy of the measurement is reduced near the top of the atmosphere where the muon ux is low and near the bottom of the atmosphere where the balloon ascent was rapid. Monte Carlo calculations using GEANT with FLUKA are consistent with our measurement. Assuming that instrumental efciencies of the HEAT instrument are known by the time of the conference, absolute muons uxes will be presented. These can be used to reduce the uncertainties of the atmospheric neutrino calculations that are due to uncertainties in the primary cosmic ray ux, geomagnetic cuto , and interactions. It is expected that ascent data from a new HEAT ight from northern Canada will improve the statistical accuracy of the atmospheric muon ratio and provide insight on the e ect of geomagnetic cuto . It is hoped that normalizing the atmospheric neutrino ux calculations to these measurements will reduce the uncertainties which stem from imprecise knowledge of the properties of hadron-nucleus interactions. This work was supported by grants from NASA and institutional funds. We gratefully acknowledge e orts of personnel from the National Scienti c Balloon Facility.
